This paper presents an objective MPEG-2 video quality measurement method based on fragile digital image watermarking. Based on the DCT-based watermarking scheme, this paper presents a fragile digital video watermarking scheme that can work as an automatic quality monitoring system. We embed watermark in the DCT domain of l-frames of original video, and the DCT blocks for embedding are carefilly selectedso that the degradation of the watermark can reflect the degrudation of the video quality. The contrast sensitivity value is taken into account io weighten the quality measurement according lo the human vision system. The evaluations demonstrate that the effectiveness of the proposedscheme against MpEG2 compression and noise pollution.
Introduction
With the rapid growth of digital techniques, digital video systems are becoming a more and more important part of the world economy and making it possible to create many new telecommunication services, like DVD, Teleconferencing, satellite news gathering and television broadcasting, which also make an increasing need for video quality metrics [I] .
Over the last few years, several objective imageivideo quality measures are commonly used, like mean square error (MSE) and peak-signal-ta-noise ratio (PSNR) [2] .
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where N is the number of pixels in the image or video frame, L is the dynamic range. For an 8 bitsipixel grayscale image, L is equal to 255.
These measures always work, but they can not give us an because of the specialty of the human vision system. Sometimes, changes to the video/image negligible to the human eyes can cause a dramatic decrease of PSNR values. Considering of the existed problems of MSE and PSNR in the practical videoiimage quality evaluation, another MSEbased metric, the weighted PSNR, was introduced as an extension of the traditional PSNR to estimate the possible quality loss with taking part of the subjective factors into account. It works well by weighting each term of the PSNR using a local "activity" factor which is linked to the contrast sensitivity of the human vision, and becomes closer to perception than PSNR. These MSE-based measures require the access to the original image/video for that they involve computing the pixel-by-pixel difference between the original imageivideo frames and processed imagdframes, which constitutes great inconvenience to the receiver. Meanwhile, the real-time properties of most video related applications mean that the quality measurement should be executed in real-time instead of some "off-line" operations.
Trying to address all these problems, this paper presents a new objective video quality measurement method based on digital imagdvideo watermarking. In this measurement, the characteristics of human vision system are taken into account and the weighted PSNR will be used to evaluate the effectiveness of the new metric. The proposed scheme is designed to assess the MPEG-2 video quality and can be used to measure the video quality without the need for the original video.
Being widely used in digital communications, MPEG-2 standard was considerably broader in scope and of wider appeal since it fixes many of the problems inherent in MPEG-I standard, such as scalability, handling of interlaced video and providing pictures with higher quality (studio quality and up to HDTV levels), and makes the digital transmission much economic. Aware of the drawback of H.261, three types of frames were defined in MPEG-2, namely Intra frame (0, Inter frame (P) and Bidirectional frame (B), where I frame is a picture in absolute form carrying almost all the main information needed by the current Group of Pictures and can thoroughly determine the success or failure of encoding or decoding. And as the camers of the prediction errors, P frame and B frame are found to be more sensitive to attacks, even small changes, Figure 1 . Watermarking based video qality measurement system than 1 frames. Fully noticing the importance and characteristics of I frames, we choose to realize watermarking in 1 frames of the source video.
In Section I1 we propose our scheme, in Sections 111 and IV we describe the watermark embedding and watermark extraction procedures, in Section V we illustrate and evaluate the proposed scheme, and in Section VI we conclude the paper.
The proposed scheme
The Figure I shown above is the proposed video quality measurement system. Watermark is designed to be invisibly embedded into the quantized DCT coefficient blocks of the luminance components of the intra frames in the MPEG-2 compression procedure and be extracted in the MPEG-2 decompression procedure. The blocks used for watermark embedding are carefully grouped so that the degradation of the watermark can reflect the quality degradation of the Table 1 is the possible quantized DCT coefficients ordered ascendingly from negative to positive. The second row is the 1, 0 sequence generated by PN generator and the security key. For example, refer to Table 2 , the quantized DCT coefficient -71 corresponds to bit 0 in the lookup table, if we want to insert a watermark bit 0 into this quantized DCT block, we will not change the quantized DCT coefficient -71. However if we want to insert a watermark bit 1 into this quantized DCT block, we need to find the nearest DCT coefficient whose corresponding bit value is 1, which is -70 in this example. For the DCT coefficient 5, because it corresponds to bit 1 in this table, we will not need to make a change to it. 
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To give an accurate evaluation of the video quality, the human visual system has to be taken into account during the embedding procedures. Human visual system (HVS) includes some well known features such as luminance masking, contrast sensitivity function, spatiaVtemporal frequency analysis and pooling [2] . The contrast sensitivity function (CSF) models the variation in the sensitivity of the HVS to different spatial and temporal frequencies that are present in the visual stimulus. The contrast sensitivity function tells us how sensitive we are to the various frequencies of visual stimuli. If the frequency of visual stimuli is too high we will not be able to recognize the stimuli pattern any more. Some models of the HVS implement the CSF as a filtering operation, while others implement the CSF through weighting factors for subbands after frequency decomposition. The spatial CSF is typically modeled as a space-invariant bandpass function. While the CSF is slightly hand-pass in nature, most quality assessment algorithms implement a low-pass version. The contrast sensitivity is also a function of temporal frequency.
In the paper To give an illustration of the contrast sensitivity function, CSF is drawn along the horizontal axis in Figure 4 . It is clear that the CSF is a low pass filter. Since CSF indicates the difference of the sensitivity to different frequency components, we should take it into account. The measurement of the video quality should reflect the different vision sensitivity of those frequency components according to the CSF. So first we need to group the blocks of the video 1-frame based on their relative contrast sensitivity to the frequency. The grouping procedure is shown in Figure 5 . The errors in the blocks with larger relative contrast sensitivity value can be detected more easily than the errors in those blocks with smaller relative contrast sensitivity. Meanwhile, the blocks in each CSF group can be furfher divided into two frequency sub-groups, either a high frequency sub-group or a low frequency sub-group as shown in Figure 4 . Different frequency components show different behaviour in the image processing such as DCT based compression, noise pollution. Also the number of blocks in each group determines the final result of the TDR. So we take all these factors into account to get a scaler for the quantization matrix.
where f 0 is an experimental function to set the scaler for each block based on the factors: N (Number of blocks in each CSF group), CSF (CSF value of each block) and f (frequency region of each block). Then the scaler is used to scale the predefined quantization matrix. Generally speaking, the larger the scaler, the smaller the quantization matrix. Also the small quantization means the watermark is embedded with weak embedding strength and vice versa.
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Using the same rule to divide the blocks of the reconstructed I-frame into groups. Estimate the quantization matrix for each block. Apply the DCT and quantization to the reconstructed watermarked I-frame to get the DCT coefficients. Retrieve the bit sequence based on the lookup table. In this procedure, the security key used to generate the lookup table is same as the one used during embedding process. We can simply count the number of 1 and 0 based on the lookup table and DCT coefficients in each DCT block and make the judgment of the watermark bit embedded. Reconstruct the signature image. It can work as a proof of the copyright.
Measure the objective quality of the image based on the detected watermark hit. The TDR value is computed as the measurement of the video objective quality.
Experimental results and evaluations
In this section, we illustrate and evaluate the performance of the proposed scheme against MPEG-2 compression. 
The original I-frame and watermarked I-frame
We use one I-frame as the original test frame, shown as Figure 7 (a). The watermarked frame is shown as Figure 7 (b). The PSNR ofFigure 7 (b) is 38.5841 dB.
All the following experiments will be conducted on this watermarked MPEG-2 stream.
MPEG-2 compression
As shown in Figure 8 , we can see the degradation of the watermark after applying MPEG-2 compression with different compression ratios to the watermarked MPEG-2 video. Also the TDR values are shown in Figure 9 that can work as the index of the MPEG-2 video quality after MPEG-2 compression. When the compression ratio of MPEG-2 compression decreases, the TDR values decrease accordingly. 
bise pollution
If the salt&pepper noise and white Gaussian noise are added to the watermarked MPEGZ stream the quality of the video will be degraded.
In Figure 10 and Figure 11 , the experimental results are shown. So this method can be used to evaluate the video quality after the transmission over the noisy channel. 
Conclusions and future works
This paper presents a means of objective video quality measurement. The watermark is embedded in the quantized DCT coefficient of the original I-frame and the degradation of the watermark can reflect the degradation of the video quality. The evaluations demonstrated the effectiveness of Figure 11 . Salt Qepper noise pollution with different noise densities the proposed scheme against MPEG-2 compression and noise pollution. The contrast sensitivity value is used to guide the embedding and extraction processes. So a more accurate video quality measurement that takes the human visual system into account can be implemented. As for the future work, some perceptual features can be utilized such as various masking functions, pooling and Watson model. If necessary, other techniques such as edge detection and image segmentation can be used to determine the suitable watermark embedding locations. More advanced perceptual models will be examined and more meaningful watermark pattern will be used.
